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(54) Semiconductor memory with a timing controiied for receiving data at a semiconductor 
memory module to be accessed 



(57) In a semiconductor memory, a plurality of sem- 
iconductor memory modules (21 2n) are connected 

through a common clock signal line and one or more 
other signal lines to an accessing circuit. The accessing 
circuit has a timing information storage unit {3K 38) for 
storing beforehand access timing information associated 
witii the respective Sfemiconductor memory modules and 



a timing varying unit (6A, 6B) for varying a data receiving 
timing at a ti-ansfer destination in compliance witii a sem- 
iconductor memory nrKxf ule to be accessed, on the basis 
of tiie access timing information stored in the timing infor- 
mation storage unit. 
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Description 

BACKGROUND OF THE iNVENTIQNI 

Field of the tnvention 5 

The present invention relates to a semiconductor 
memory which is applicable to. for example, a semicon- 
ductor disk device fabricated with a plurality of semicon> 
ductor memories, which is used in a similar fashion to a 10 
hard disk device. 

Description of the Background Art 

For example, a book type of personal computers is 
includes a memory space which can be extended by con- 
necting a card-like semiconductor disk device to an 
extended connector slot which is adapted for connecting 
thereto a hard disk drive. 

FIG. 2 shows an example of semiconductor disk 20 
device which is used as an auxiliary memory device as 
mentioned above. In FIG. 2. the semiconductor disk 
device 1 comprises one or more memory module groups 
2. a microcomputer 3, a host interface 4. abutter memory 
5 and a memory controller 6. Each of the memory mod- 25 
ule groups 2 comprises a plurality of memory modules 
21 -2n. each of which is constituted of a single chip of 
serial memory, such as flash memory, and has the same 
speed capability as each other. The memory nrxxlutes 
21 -2n in the memory module group 2 are connected in 30 
common with a bidirectional data line LDAT and a dock 
signal line LCU<. 

It is assumed that the memory oKXlule group 2 cor- 
responds to a header In a hard disk device; each of the 
memory modules 21 -2n to a cylinder in the hard disk 35 
device; and an internal storage area of each of the mem- 
ory modules 2 1 -2n to a predetermined number of sectors 
from one sector address to another, where n is a natural 
number. 

The memory modules 21 -2n are provided for the 40 
semiconductor disk device 1. and upon receipt of serial 
data for control, including an address and a sort of 
access, for example, they continuously write thereinto or 
read out thereof data con^esponding to a sector. e.g^ 536 
bytes of data. 45 

To effect a writing operation on the semiconductor 
disk device 1 , there is a need to supply from a host conv 
puter. not shown, thereto a command including informa- 
tion such as a header number, a cylinder number, the 
first sector number, the number of writing sectors and the so 
like, and an additional command for instructing a writing 
operation. After issuance of these commands, data are 
transferred after the lapse of a predetermined time cor- 
responding to the seek time, the rotation time and the 
like. 55 

Upon receipt of the commands through the host 
interface 4, the microcomputer 3 decodes and converts 
the commands into control information accessit)le to a 
memory module 2i, the control information including an 



indication designating a memory nfKXiule 2i and an 
address designating a sector in that memory module 2i, 
into which data is to be written, where i is a natural 
nunf*>er between 1 and n. inclusive. The control informa- 
tion thus converted is supplied to the memory controller 
6. On the other hand, transmitted data for writing is fed 
through the host interface 4 to the buffer memory 5. 

The memory controller 6 sends out serial data for 
control, which consists of an address, a control signal for 
instructing writing and the like, over the bidirectional data 
line LDAT to a predetermined memory module group 2 
in accordance with the control information outputted from 
the microcomputer 3, and then sends out a sector of data 
from the buffer memory 5 through a parallel-to-serial 
conversion on the bidirectional data line LDAT to the pre- 
determined memory module group 2. This transfer is 
repeated on a sector-by-sector basis. When the serial 
data for control is sent out to the bidirectional data line 
LDAT, and when data to be written is sent out to the bidi- 
rectional data tine LDAT. the memory controller 6 sends 
out. of course, a cfock signal to the clock signal line, 
LCLK in synchronism with those sending operations, so 
that data supplied from the host cornputer is written into 
the predetermined memory module 2i of the memory 
module group 2. 

On the other hand, to effect a reading operation on 
the semiconductor disk device 1 . there is a rieed to sup- 
ply from a host computer, not illustrated, to the semicon- 
ductor disk device 1 a command including information 
such as a header No., a cylirKler No., a top sector No., 
the number of writing sectors and the like, and aii addi- 
tional command for Instructing a reading operation. 

Upon receipt of the commancte through the host 
interlace 4. the microcomputer 3 decodes and converts 
the commands into control infbnnation accessible to a 
memory module 2i. the control information including an 
indication designating a memory module 2t and an 
address designating a sector in ttiat memory module 2i, 
from which data is to be read out. The control information 
tfius converted is supplied to the memory controller 6. 

The menfK>ry controller 6 sends out serial data for 
control, which consists of an address, a control signal for 
instructing writing and the like, over the bkiirectional data 
line LDAT to a predetermined memory module group 2 
in accordance witti the control infonnation outputted from 
the microcomputer 3, and sends out a clock signal on 
the clock signal line LCLK to the predetermined menwry 
module group 2 in synchronism witti the serial data serid- 
ing operatfon. Also after sending tiie serial data tor con- 
trol, the memory controller 6 continuously sends out tiie 
dock signal on tiie clock signal line LCLK to the prede- 
termined memory rrxxJule group 2 and receives data 
read out from a predetermined memory nxxfule 2i of tiie 
memory module group 2 in response to the clock signal. 
The received data are converted into parallel data and 
stored in tiie buffer memory 5 ttirough the host interface 
4. In this manner, the data stored in tiie buffer memory 
5 are transfenred via tiie host interiace 4 to the host com- 
puter. 
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Howe\/er, the semiconductor disk device 1 involves 
such a drawback that a timing relation between transfer 
data and the clock signal deviates from a predetermined 
timing reiatton at a transfer destination (a memory mod- 
ule when writing, or a memory controller when reading) 
by the reasons as set forth beiow: 

(1) It is difficult to avoid such a situation that the tin> 
ing of the ckx;k signal with respect to the timing of 
oulputting data is out of an intended value owing to 
an in-egularity caused by manubcturing the menriory 

. controller; 

(2) There exists a difference in performance 
. between the memory modules owing to an in-egular- 

ity caused by manufacturing the memory rTKXJuIes; 

(3) The lengths of the signal line and the bidirectional 
data line, which are connected to a memory module, 
are varied in dependence upon the position in which 
the memory module is loaded, and parasitic capac- 
itance and resistance are varied in dependence 
upon a path. These cause a delay in transferring the 
signals and data to be varied; and 

(4) The signal lines are mutually different in length, 
which are connected to associated memory mod- 
ules even in the same memory module group in 
dependence upon the position in which the memory 
module is loaded, and parasitic capacitance and 
resistance are varied depending upon a path. These 
also cause a delay in transfen^ing the signals to be 
varied; and 

(5) It is difficult to avoid the skew of the delay in trans- 
fening the signals and data 

Consequently, when the transfer is effected in a cer- 
tain timing, some memory module will encounter critical 
set-up and hold timings. Thus, there is a large possibility 
of malfunctbns in writing and reading. 

If the whole memory modules were involved in the 
same timing deviation, it wouki be possible to avoid the 
above-mentioned inconvenience through, for example, 
regulating the phase of tiie clock signal outputted from 
the memory controller. However, for exanrple. as shown 
in parts (a) and (b) of FIG. 3. while there is obtained a 
good timing on the memory module 2n which is located 
nearest to tiie memory controller 6. the memory module 
21 . which is located farthest from the memory controller 
6, will erxx>unter severe set-up and hoW timing, as shown 
in parts (c) and (d) of FIG. 3. Therefore, in such a case, 
it is impossit>le to apply the above-mentioned measure. 

There is a way to prevent malfunctions at tiie time 
of writing and reading by means of provkling a large mar- 
gin of the set-up time and the hold time through elongat- 
ing a cyde time or dock period. However, according to 
this way, ttiere wiD occur another problem such that the 
transfer rate at the time of transfer from and to the mem- 
ory module is reduced, and as a result it is obliged to 
decrease the operational speed of the semiconductor 
disk device. 



This problem occurs on not only witfi the semicon- 
ductor disk device, but also the various kinds of semicon- 
ductor memories in which a plurality of memory modules 
own the data line and tiie clock signal line jointly witii 
5 each other. 

It is tiierefbre an object of tiie present invention to 
provide a semiconductor memory capable of operating 
at high speed such that sufficient set-ifl3 time and hokJ 
time are ensured even in the case where any of the mem- 
10 ory modules, whk^h own the data line and the clock signal 
line jpintiy with each other, is accessed. 

SUMMARY OF THE INVENTION 

IS In accordance witti the present invention, in a sem- 
iconductor memory, a plurality of semiconductor memory 
modules are connected tiirough a common dock signal 
line and one or more other signal lines to an access 
means, sakJ access means comprising: a timing infor- 

20 mation storage unit for storing beforehand access timing 
infbmiation associated witii the respecth^e semiconduc- 
tor metmry modules: and a timing varying unit for vary- 
ing a data receiving timing at a transfer destination in 
compliance witii a semiconductor memory module to 

25 beaccessed, on the basis of tiie access timing informa- 
tion stored in said timing information storage unit. 

Further, in accordance with tiie present invention, in 
a semiconductor memory, a plurality of semiconductor 
memory modules are connected through a common 

30 dock signal line and one or more otiier signal lines to an 
access means, said semiconductor memory modules 
being different in operatfonal speed, said access means 
comprising: a timing information storage unit for storing 
beforehand access timing information assodated with 

35 tiie respective semiconductor memory modules; and a 
dock wkftti varying unit for varying a clock width of a 
dock signal to be applied to a semiconductor memory 
module to be accessed, on the basis of tiie access timing 
information stored in said timing information storage unit. 

40 Furthermore, in accordance witii the present inven- 
tion, in a semiconductor memory, a plurality of semicon- 
ductor memory modules are connected tiirough a 
common clock signal line and one or more dttier signal 
lines to an access means, said semiconductor memory 

45 modules being different in operatfonal speed, said 
access means comprising: a timing information storage 
unit for storing beforehand access timing information 
associated witii the respective semiconductor memory 
modules; a timing varying unit for varying a data receiv- 

50 ing timing at a transfer destination in compliance witii a 
semiconductor memory module to be accessed, on the 
basis of tiie access timing information stored in sakJ tim- 
ing information storage unit; and a cfock width varying 
unit for varying a cfock wkfth of a dock signal to be 

55 applied to the semiconductor memory module to be 
accessed, on the basis of tiie access timing information 
stored in saki timing infomiation storage unit. 

According to the present invention, when a semfoon- 
ductor memory module is accessed, access timing tnfor- 



3 



5 



EP07D9786A1 



6 



mation associated with the semiconductor memory 
module, which is stored in the timing information storage 
unit, is derived and the timing varying unit varies a data 
receiving timing at a transfer destination in compliance 
with the semiconductor memory module to be accessed, 5 
on the basis of the access timing information. This fea- 
ture makes it possible to always permit an access for the 
semiconductor memory module in a suitable timing even 
if the semiconductor memory module to be accessed Is 
aftered, thereby establishing a favorable data transfer. 10 

Further according to the present invention, there are 
adopted the semiconductor memory modules which are 
different in operational speed. This emphasizes freedom 
in selecting the semiconductor memory modules. In this 
case, when a semiconductor memory module Is is 
accessed, access timing information associated with the 
semiconductor memory module, which Is stored in the 
timing Information storage unit, is derived and the clock 
width varying unit varies the clock width of a clock signal 
to be applied to a semiconductor memory module to be 20 
accessed, on the basis of the access timing information. 
This feature makes It possible to always permit an 
access for the semiconductor memory module in a suit- 
able timing even if the semiconductor memory modules 
different in operational speed are invloved. thereby 25 
establishing a favorable data transfer. 

BRIEF DESCRIPTION OF TH E DRAWINGS 

The objects and features of the present invention will 30 
become more apparent from consideration of the follow- 
ing detailed description taken in conjunction with the 
accompanying drawings in which: 

FIG. 1 is a schematic block diagram of a semicon- 35 
ductor disk device according to an embodiment of 
the present invention; 

FIG. 2 is a schematic bkxM diagram off a conven- 
tional semiconductor disk device; 
FIG. 3 is a time chart useful for understanding the 4a 
semiconductor disk device shown in FIG. 2; 
FIG. 4 is a schematic block diagram of a semicon- 
ductor disk devfoe wherein a plurality off memory 
nrKxJule groups are provided, which is a modification 
ffrom the embodiment shown in FIG. 1 ; 45 
FIG. 5 is a time chart useful for understanding the 
semk:onductor disk device according to the embod- 
iment; 

FIG. 6 is a schematic block diagram of a semicon- 
ductor disk device according to an alternative so 
embodiment of the present tnventfon; 
FIG. 7 is a time chart useful for understanding the 
semiconductor disk device shown in FIG. 6; 
FIG. 8 is a schematic block diagram of a semicon- 
ductor disk device according to a further alternative ss 
enrt)odiment of the present invention; 
FIG. 9 is a time chart useful for understanding the 
semk^onductor disk device shown In FIG. 8; 



FIG. 10 is a schematic t>lock diagram of a sen^con- 
ductor disk device according to a still further alter- 
native embodiment of the present invention: 
FIG. 1 1 is a time chart useful for understanding the 
semiconductor disk device shown in FIG. 10. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

(A) Rrst embodiment 

The first embodiment, in which the present invention 
is applied to a semiconductor disk device, will be 
described In conjunction with the acconpanying draw- 
ings. It Is noted that the first and second embodiments 
are involved In the case where all the memory modules 
in a semiconductor disk device are of the same opera- 
tionai speed. In this respect, these embodiments are dif- 
ferent from the third and fourth embodiments, which will 
be described later. 

An aspect off the semiconductor disk device accord- 
ing to the first enAxxJiment resides in writing data into 
the memory modules. In order to simplify the under- 
standing of the aspect, FIG. 1 shows the use of a single 
memory module group. In FIG. 1, the like components 
are denoted by the same reference numerals or marks 
as those of FIG. 2. 

In FIG. 1 i the senrvconductor disk device 1 A accord- 
ing to the first embodiment also comprises a memory 
module group 2. a microcomputer 3A. a host interface 4, 
a buffer memory 5 and a memory controller 6A. However, 
the nrvcrocomputer 3A and the memory controller 6A are 
different from those of the semkx)nductor disk device 1 
shown in FIG. 2. 

The microcomputer 3A stores delay information 3Aa 

for each of the memory modules 21 2n in the case 

where data are transfened to the memory modules 21, 
2n. For example, the delay information 3Aa is stored 
in the form of a microprogram. When the miaocomputer 
3A recognizes the memory module 21 into which data is 
to be written, the microcomputer 3A feeds the delay infor- 
mation 3Aa and the associated writing signal to the 
memory controller 6A. prior to starting off data transfer to 
the memory module group 2 by a memory control circuit 
1 0 which will be described later. 

The memory controller 6A comprises the memory 
control circuit 1 0, which corresponds to the control circuit 
of the memory controller 6 in the semiconductor disk 
device 1 shown in FIG. 2, and in addition a plurality off 
delay devices 11, 12 and 13. a selector 14 and a delay 
Information register 15. In the specific embodiment, 
ttiree delay devfoes 11,12 and 13 are exemplarlly pro- 
vided. 

The memory control circuit 10 serves to output tiie 
serial data for control to the memory module 2i to be 
accessed in synchronism with the clock signal, convert 
the transfer data read out from the buffer memory 5 via 
the host interface 4 into the serial data, and output the 
data thus converted to the memory module 2i to be 
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accessed in synchronism with the clock signal^ in accord- 
ance with control information outputted from the micro- 
computer 3A. 

Three delay devices 1 1-13 are connected with each 
other In a cascade fashion as shown. This cascade con- s 
nection is anranged so as to receive the ser'^l data out- 
putted from the memory control circuit 10. Thus, four 
serial data, which are mutually different in phase by a 
predetermined unit of delay time, are obtained from the 
front and back stages of the cascade connection and the io 
middle taps. These data are fed to the selector 14 as a 
selection input. The selector 14 receives a delay device 
selection signal from the delay information register 15 
and selects the serial data according to the delay device 
selection signal. The serial data thus selected is sent out is 
to the diata line LDAT connected to the memory module 
group 2. 

The unit delay time is set up to such a degree that 
even the time difference between non-delayed serial 
data and the most delayed serial data is shorter than, for 20 
example, the half of the period of the clock signal. The 
delay devices 1 1-13 may be implemented as a plurality 
of inverter devices connected in series, or a plurality of 
latch circuits virhich are connected in series and each 
adapted to latch data in response to a clock signal of 25 
higher speed than the clock signal (writing clock signal) 
to be supplied to the memory module groip 2. 

The delay information register 1 5 receives the delay 
information 3 Aa, which was outputted from the micro- 
computer 3A prior to starting of the data transfer by the 30 
memory control circuit 1 0, and the writing signal as well. 
Thus, the delay infonmation register 15 holds the delay 
information in accordance with the writing signal. The 
delay information thus heki is fed to the selector 1 4 in the 
form the delay device selection signal. 3s 

It is practical tiiat tiie memory controller 6A is solely 
mounted on a single semiconductor chip, or nnounted 
together witii the host interface 4 and the buffer menriory 
5 on a single semiconductor chip. This involves no prob- 
lem as to the transfer delay not intended in the menrrory 40 
corrtroller 6A, but involves problems as to a deviation of 
transfer delay on tiie data line LDAT and the clock signal 
line LCLK connected to the memory modules 21 . .... 2n, 
a variation of the transfer delay, and the like. 

The delay information 3Aa involved in the memory 4S 
modules 21,.... 2n, which is stored beforehand in the 
microcomputer 3A, is determined taking into considera- 
tion a deviation of fransfer delay on the data line LDAT 
and the clock signal line LCLK connected to the memory 
modules 21, .... 2n, which lines are formed on a printed so 
circuit board, a variation of the fransfer delay, and the 
like. For example, it is acceptat)le that the delay informa- 
tion is uniquely determined depending upon where the 
memory modules 2 1 ..... 2n are located, for exanple, the 
length of tiie signal lines of tiie menrx)ry modules 21. .... ss 
2n. Alternatively, tiie optimum delay information is deter- 
mined through an experiment after the memory modules 
21 2n are mounted. 



In FIG. 1, for tiie purpose of simplification of ttie 
explanation of tiie sfructure, there is shown the use of a 
single memory module group 2. However, actually, a plu- 
rality of memory module groups 2 may often be provided. 
FIG. 4 shows an ent)odiment in which a plurality of mem- 
ory nrKxiule groups 2 are provided, and the memory con- 
froller 6A in FIG. 1 is supplemented. 

In the memory controller 6A, at the output skJe of tiie 
selector 14 tor selecting serial data which are mutually 
different in delay time, there is provided anotiier selector 
16 for selecting memory module groups 2-1, 2-x, 
where x is a natural number. Also, at the sending out skie 
of the clock signal of the memory control drcuit 1 0, there 
is provided a further selector 17 for selecting memory 
nrKxJule groups 2-1, .... 2-x. These selectors 16 and 17 
are arranged to receive on a common basis module 
group selection signal from a module group information 
register 18 which serves to hokl nrKxIule group informa- 
tion supplied from the microconputer 3A. so as to select 
a data line LDAT-j and a dock signal line LCLK-j to a 
desired memory module group 2-j, where i is an integer 
1 to X. 

In the case where a plurality of memory nruxlule 
groups 2-1 , 2-x are provkied, a plurality of data lines 
LDAT-1 to LDAT-x and a plurality of dock signal lines 
LCLK-1 to LCLK-x may be connected into a star connec- 
tion, respectively. 

To effect a writing operation on the semiconductor 
disk device 1 A mentioned at>ove. there is a need to sup- 
ply from a host conputer, not shown, to the semiconduc- 
tor disk device 1 A a command including information such 
as a header No., a cylinder No., a top sector No., tiie 
nurr^er of writing sectors and the like, and an additional 
command for irrstructing a writing operation: After issu- 
ance of these commands, data are transferred after tiie 
lapse of a predetermined time corresponding to the seek 
time, the rotation period and the like. 

Upon receipt of tiie commands through the host 
interface 4, the miaooomputer 3 A decodes and converts 
the commands into confrol information accessible to a 
memory module 2i-j, the control information induding an 
indication designating a menrx>ry module 2i-j and an 
address designating a sector In that memory module 2i- 
j, into which data is to be written, where i is a natural 
number between 1 and n, inclusive, and i is a natural 
number between 1 andx inclusive. The control informa- 
tion thus converted indudes delay information 3 Aa as to 
the memory module 2i-j and module group information. 
On tiie other hand, transmitted data is fed through the 
host interface 4 to the buffer memory 5. 

The microcomputer 3A first feeds delay information 
3Aa arxJ the associated writing signal to the delay infor- 
mation register 15 wittiin the memory controller 6A to 
hold the same therein so as to define the selection state 
of the selector 14. and on the other hand, feeds module 
group information and the assodated writing signal to the 
module group information register 1 8 witiiin the memory 
controller 6A to hoki the same therein so as to define the 
selection states of the selectors 16 and 17, thereby set- 
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ting up a transfer pulse to a desired memory module 2i- 
j. Thereafter, the microcomputer 3A feeds control infor- 
mation to the memory control circuit 10 within the mem- 
ory controller 6A to start the transfer. 

Upon receipt of the control information, the memory s 
control circuit 10 outputs serial data for control, which 
consists of an address, a control signal for instructing 
writing and the like, in synchronism wrth the clock signal. 
The serial data for control outputted from the memory 
control circuit 1 0 is phase-shifted through variable phase io 
shift means comprising the delay stages 11-13 and the 
selector 14, and then outputted via the selector 16 to a 
desired data line LDAT-j. On the other hand, the clock 
signal outputted from the memory control circuit 10 Is 
oulputted via the selector 1 7 to a desired clock signal line is 
LCLK-j. Thus, a desired memory module 2i-j recognizes 
that a sector of data will be transferred thereto and waits 
for the transfenred data. 

Sut>sequent to sending out the controlling serial 
data, the memory control circuit 10 is operative to read 20 
a sector of data out of the buffer memory 5 and practice 
a parallel-to-serial conversion to the data thus read out. 
The data subjected to parallel-to-serial conversion are 
outputted in synchronism with the dock signal. Also at 
that time, the serial data for control outputted from the 25 
memory control circuit 10 is phase-shifted through vari- 
at^e phase shift means conprising the delay stages 1 1 - 
13 and the selector 1 4. and then oulputted via the selec- 
tor 16 to desired data line LDAT-j. On the other hand, the 
clock signal oulputted from the memory control drcuit 1 0 so 
is outputted via the selector 17 to a desired dock signal 
line LGLK-j. The memory rriodule 2i-i. whfch recognizes 
that data vwll be transferred thereto, receives the trans- 
ferred serial data in synchronism with the dock signal. 
Such a transfer on a sector-by-sector basis is repeated 35 
by the conresponding number of sectors instructed from 
the host computer. 

When the memory module to be destined is altered, 
while transferring, from the memory module 2i-j to the 
the memory module 2k-j, Js is a positive integer between 40 
1 and a inclusive, the microconputer 3A tenporarily 
interrupts the data transfer to feed the delay information 
3Aa and the associated writing signal to the delay infor- 
mation register 1 5 within the memory contrdler 6A so as 
to alter the selection state of the selector 14. and there- 45 
after resume the data transfer. Also when the memory 
module group to be destined is altered, the similar control 
for adjusting the amount of phase shift of the serial data 
is performed. 

FIG. 5 is a time chart showing an example of timing so 
df writing data from the memory controller 6A Into the 
memory module in the semiconductor cfisk device 
according to the first embodiment With respect to the 
memory module 2n-1 nearest to the memory controller 
6A In the memory module group 2-1 (refer to parts (a) 55 
and (b) of FIG. 5) and up to the memory module 21-1 
farthest from the memory controller 6A in the menfx>ry 
module group 2-1 (refer to parts (c) and (d) of FIG. 5). 
the phase of the transfer data is regulated in conpliance 



with the assodated memory module. Consequently, 
even if a deviation in timing were induced during taking 
the dock signal and data into the respective memory 
modules owing to the various kinds of causes as 
described earlier in connection with the background art, 
such a deviation will be suppressed through the above- 
mentioned phase regulation. Thus, as seen from FIG. 5. 
it is possible for the respective menwy modules to 
receive the transferred data in a suitable timing, thereby 
providing suff ident set-up time and hoki time. 

As mentioned above, according to the first embodi- 
ment there is stored beforehand in the miaocomputer 
3A delay information 3Aa according to a difference In 
transfer timing of the dock signal and the data for each 
memory module 2i-j at the time of writing data from the 
memory controller 6A into the memory module 2i^*. and 
when the data is written, the delay information 3Aa is 
written from the microcomputer 3A into the delay infor- 
mation register 15 to regulate the phase of the trans- 
ferred data. Thus, it is possible to provide optimum set- 
up time and hoW time during writing of data into this mem- 
ory module 2ii Therefore, there is no need to adapt the 
dock period and the like for the worst timing of memory 
module, thereby enabling a high speed writing of mem- 
ory data. 

As mentioned above, the writing of data into the 
nnenx>ry nrxxf ule 2i-j involves the prot>lem in a phase rela- 
tion l:)etween data and the clock signal. Since the phase 
relation is relative, there is a way in which the phase of 
the dock signal is controlled without altering the phase 
of data. This way may be considered as a modificatibn 
of the first embodiment of the present invention. How- 
ever, the clock signal is uiWlzed throughout the semicon- 
ductor disk device, and there is frequent such a case that 
it is not preferable that the phase of the clock operative 
inside the memory controller 6A is different from that out- 
putted to the exterior. Thus, in view of the atx>ve. it is 
preferable that the phase of da^ is controlled. 

(B) Second embodiment 

The second embodiment, in which the present 
inventfen is applied to a semiconductor disk device, will 
be described in conjunction with other figures of the 
accompanying drawings. An aspect of the semiconduc- 
tor disk devfce according to the second embodiment 
resides In reading out of the memory modules. In order 
to sirnplify the explanation of the aspect. FIG. 6 shows 
the use of a single memory nrxxJule group. In an appli- 
cation using a plurality of memory module groups, the 
FIG. 6 embodiment is not directly applicable but may be 
modified as seen from FIG. 4. In FIG. 6. the like elements 
are denoted by the same reference numerals or marics 
as those of FIG. 2. 

In FIG. 6, the semiconductor disk device 1 B accord- 
ing to the second embodiment also comprises a memory 
module group 2. a microcomputer 3B. a host interface 4. 
a buffer memory 5 and a memory controller 6B. However, 
the microcomputer 3B and the memory controller 6B are 
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different from those of the semiconductor disk device 1 
shown in FIG. 2. 

The miaocomputer 3B stores delay information 3Ba 

for each of the memory modules 21 2n in the case 

where data are transferred to the memory modules 21 . s 
.... 2n. For exanrple. the delay information 3Ba is stored 
in the fbrm of a miaoprogram. When the microcomputer 
SB recognizes the memory module 2i out of which data 
is read, the microcomputer 38 feeds the delay informa- 
tion 3Ba and the associated writing signal to the memory io 
controller 68. prior to starting of data transfer from the 
memory module group 2 by a memory control circuit 30 
which will be described later. 

The memory controller 68 comprises the memory 
control circuit 30. which correspondsto the control drcurt is 
of the memory controller 6 in the semiconductor disk 
device 1 shown in FIG. 2, and a circuit 31 for receiving 
read data, which may comprise f lip-f bps. and in addition 
a plurality of delay devices 32. 33 and 34, a selector 35 
and a delay information register 36. In the specific 20 
embodiment also, three delay devices 32, 33 and 34 are 
exemplarily provided. 

The memory control circuit 30 serves to output the 
serial data for control to the memcx'y module 2i to be 
accessed in synchronism with the clock signal, convert 25 
the transfer data read out from the memory module 2i by 
the receiving circuital in synchronism with the clock sig- 
nal, and stores the data thus converted in the txjffer 
memory 5 via the host interface 4, In accordance with 
control information outputted from the nvcrocomputer 30 
38. 

According to the second embodiment of the semi- 
conductor disk device, the clock signal outputted to the 
memory module 2i to read data out of the memory mod- 
ule 2i and the clock signal to cause the receiving circuit 35 
to receive data read out of the memory module 2i are 
different in phase from each other. Specifically, accord* 
ing to the second embodiment, the phase of the clock 
signal with which the receiving circuit receives data read 
out of the memory module 2i is varied from memory mod- 40 
ule by memory module. To implement such a function, 
there are provided three delay devices 32-34. the selec- 
tor 35 and the delay information register 36. 

Three delay devices 32-34 are connected with each 
other in a cascade fashion. This cascade connection is 4s 
arranged so as to receive the dock signal outputted from 
the memory control circuit 30. which clock signal is also 
sent out to the dock signal line LCLK. Thus, four clock 
signals, which are mutually different in phase by a pre- 
determined unit of delay time, are obtained from the front so 
and back stages of the cascade connection stages and 
the middle taps. These clock signals are fed to the selec- 
tor 35 as a selection input. The selector 14 receives a 
delay device selection signal from the delay infomnation 
register 36 and selects the dock signal according to the ss 
delay device selection signal. The dock signal thus 
selected is sent out to the receiving circuit 31 as a receiv- 
ing dock signal. 



While there is no need that the unit delay time is tiie 
same as that of the first emkxxiiment. the unit delay time 
is set up to such a degree that even the time difference 
between non-delayed dock signal and the most delayed 
dock signal is shorter than, for example, the half of the 
period of the clock signal. 

The delay information register 36 receives the delay 
information 3Ba. which was outputted from the micro- 
computer 38 prior to starting of tiie data transfer from 
the memory module 2i by the memory control drcuit 30, 
and the writing signal as well. Thus, the delay information 
register 36 hokis the delay information in accordance 
with the writing signal. The delay information thus hekl 
is fed to tiie selector 35 as tiie delay devk;e selection 
signal. 

In order to read data out of the memory module 2i, 
tiie clock signal is applied to the memory module 2i. The 
meniK)ry contrdler 68 receives the data tiius read; This 
involves problems as to a deviation in timing, which will 
be more severe than that of writing operation. 

The delay information 38a Involved In the respective 

menrK)ry nxxJules 21 2n, which is stored beforehand 

in the microconputer 38, is determined taking into con- 
sideration a deviation of transfer delay on the data line 
LDAT and ttie clock signal line LCLK connected to the 
memory modules 21, .... 2n. which lines are formed on 
a printed circuit board, a variation of tiie transfer delay, 
and tiie lika For example, tiie delay information may 
uniquely be determined In dependence lipon where tiie 
tiie memory modules 21 ..... 2n are located, for ^anple. 
the length of the signal lines and the like. Alternatively, 
tiie optimum delay Information Is determined through a 
measurement performed after the memory modules 21. 
.... 2n are mounted. 

In FIG. 6, for the purpose of simplification of the 
explanation of the structure, there is shown the use of a 
single memory module group 2. However, actually, a plu- 
rality of memory module groups 2 may often be provided. 
While an illustration is omitted, in an application where 
a plurality of menx>ry module groups are provkJed. tiiere 
may be provided a selector or the like to select a clock 
signal line and a data line to which a desired memory 
module Is coupled (refer to FIG. 4). 

To effect a reading operation on the semiconductor 
disk device 1 8 mentioned above, there is a need to sup- 
ply from a host computer skie. not illustrated, to the sem- 
iconductor disk device 18 a command including 
information such as a header No. a cylinder No., the top 
sector No., the number of reading sectors and the like, 
and an additional command for Instructing a readout 
operation. 

Upon receipt of the commarKJs through the host 
interface 4. tiie miaocomputer 38 decodes and converts 
the commands into control infomiaKon accessible to a 
memory nxxiule 2i. the control information induding an 
indication designating a memory nxxiule 2t and an 
address designating a sector in tiiat memory nrxxiule 21, 
from which dato Is to t}e read out. The control information 
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thus converted includes delay information 3Ba as to the 
memory module 2i. 

The microcomputer 3B first feeds delay information 
3Ba and the associated writing signal to the delay infor- 
mation register 36 within the memory controller 6B to 5 
hold the same therein so as to define the selection state 
of the selector 35, thereby setting up a clock phase to 
receive data from a desired memory module 2i. There* 
after, the microcomputer 3B feeds control information to 
the memory control circuit 30 within the menmy control- io 
ler 60 to start the readout transfer. 

Upon having received the control information, the 
memory control circuit 30 outputs serial data for control, 
which consists of an address, a control signal for instruct- 
ing writing and the like, in synchronism with the ckx:k sig- is 
nar which is not subjected to a phase control. This 
operation can be implemented with, for example, the 
structure of the first embodiment. 

The memory control drcuit 30 sends out even after 
sending out the controlling serial data, subsequently the 20 
clock signal not subjected to a phase control over the 
clock signal line LCLK to the memory module group 2. 
Adesired memory module 2i recognizes on the basis of 
the controlling serial data that itself ought to perform a 
readout operation, and takes a standby state. Thereafter, 2S 
the memory module 2i sends out data to the data line 
LDAT in synchronism Mfith the incoming clock signal. 

The data read from the desired memory module 2i 
onto the data line LDAT are received by the receiving cir- 
cuit 31 in repsonse to the phase-controlled dock signal 30 
oulputted from the selector 35, and thereafter converted 
by the memory control circuit 30 into a parallel data, in 
the memory controller 68. The data thus obtained are 
stored in the txrffer memory 5 through the host interface 
4. The readout data stored in the buffer memory 5 are 3S 
sent out through the host interface 4 to the host compu- 
ter. When data are read out of another memory module 
2n within the memory module group 2. the similar 
processing is also effected. 

FIG. 7 is a time chart showing an example of a timing 40 
for reading data from the memory module in the memory 
controller 6B in the semiconductor disk device according 
to the second embocfiment 

With respect to the memory module 2n nearest to 
the memory controller 6B in the memory nK>dule group 45 
2 (refer to parts (a) and (b) of FIG. 7) and up to the mem- 
ory module 21 farthest from the memory controller 6B in 
the memory module group 2 (refer toparts (c) and (d) of 
FIG. 7) , the phase of the clock signal to receive the trans- 
fer data is regulated in compliance with the associated so 
memory module. Consequently, even if a deviation in tim- 
ing for taking data into the recaving circuit 31 yNere 
induced owing to the various kinds of causes as 
described in connection with the background art such a 
deviation will be suppressed through the above-men- ss 
tioned phase regulation. Thus, as seen from FIG. 7, it is 
possible for the memory controller 6B (the receiving cir- 
cuit 31) to receive the transferred data at a suitable tim- 



ing, thereby providing sufficient set-up time and hold 
time. 

As mentioned above, according to the second 
embodiment there is stored beforehand in the micro- 
computer 3B delay information 3Ba according to a differ- 
ence in transfer timing, depending on where each 
memory module 21 is located, at the time of reading out 
data from the memory module 2i into the memory con- 
troller 6B, and when the data is read out. the delay infor- 
mation 3Ba is written from the microcomputer 3B into the 
delay information register 36 to regulate the phase of the 
receiving clock signal. Thus, it is posisible to receive the 
readout data from the memory module at a suitable tim- 
ing, and also to provide suitable set-up time and hokt 
time even in the case of readout from any memory mod- 
ule. Therefore, there is no need to control the clock signal 
of the apparatus taking into consideration the worst tim- 
ing of memory module, thereby enabling a high speed 
readout of memory data. 

The second embodiment may be modified such that 
the phase-controlled ctock signal is applied to the mem- 
ory modules and non-phase-controlled clock signal is 
applied to the receiving circuit 31. However, in view of a 
consistency with the situation in which non-phase-con- 
trolled clock signal is applied to the memory modules 
during writing data into the memory module, and also a 
possibility that a period from the time point when the 
dock signal is send out to the time point when data is 
received is eingated, it is preferable that as in the second 
enAxxiiment, non-phase-control led dock signal is 
applied to the memory modules and the phase-control- 
led dock signal is applied to the receiving drcuit 31 . 

In a similar fashion to that of the first embodiment, it 
may be also a modification that the readout data is con- 
trolled in phase and the dock signal from the memory 
control drcuit 30 is directly applied to the receiving circuit 
31. 

(C) Third embodiment 

The third errAxxJiment in which the present inven- 
tion is applied to a semicondudor disk device, will be 
described m conjunction with still other figures of the 
accompanying drawings. An aspect of the semiconduc- 
tor diskdevice according tothe third embodiment resides 
in writing data into the memory modules. The semicon- 
ductor cfisk device according to the third embodiment is 
similar in many parts to that according to the first emtxxi- 
iment. Hence, points different from the first embodiment 
will be mainly described hereinafter and redundant 
description will be omitted. 

FliG. 8 is a schematic block diagram of a semicon- 
ductor diskdevice 1 C according to the third embodiment 
of the present invention. In FIG. 8, the like elements are 
denoted by the same reference numerals or marks as 
those of FIG. 1. In FIG. 8, a memory module group 2C 
in the senvconductor disk device 1C according to the 
third embodiment has a plurality of memory modules 
21c * 2nC having different operational speeds. It is 
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assumed that there are provided two operational speeds 
so that the memory module 2nC nearest to the memory 
controller 6C is of a higher speed (e.g. 100ns) and the 
memory module 21 C farthest from the memory control- 
ler 6C is of a lower speed (e.g. 250ns). 

For example, in the case where it is desired to pre- 
vent the cost of the overall device from being increased 
and in addition to enable data accessed more frequently, 
at least, to be accessed at higher speed, and/or in the 
case where a large quantity of memory nmlutes having 
the same operational speed is not available, it will be use- 
ful to adopt a plurality of memory modules having differ- 
ent operational speeds. 

Since the high speed memory module is accessible 
at high speed, it is preferable that the higher-speed mem- 
ory module is mounted at the side nearer the memory 
controller 6C. 

The microcomputer 3C and the memory confroller 
6C are different in structure from the first embodiment 
accordingly as the memory module group 2C has a plu- 
rality of memory mbdules 210 - 2nC having different 
operational speeds. 

The microconputer 3C stores also timing informa- 
tion 3Ca consisting of delay information for each of the 
memory modules 21, 2n for fransferring data to the 
memory modules 21 , 2n, and information (hereinafter 
referred to as dock width information) as to the clock sig- 
nal whk^h is used at that tima For example, the timing 
information 3Ga is stored in the form of a microprogram. 
When the microconrputer 3C recognizes the memory 
module 2i into which data is to be written, the microcom- 
puter 30 feeds the tinrung infbnmation 30a and tiie asso- 
ciated writing signal to the menfv)ry controller 60, prior 
to starting of data fransfer to the memory module group 
2 by a memory control circuit 100. 

The memory controller 60 has a timing infbnnation 
register 150 instead of the tfiedelay information register 
15 in ttie first enixxlimerrt. The timing information regis- 
ter 1 50 serves to hoki therein the timing information 30a 
when the timing Infomnation 30 and tiie associated writ- 
ing signal are fed from the microcomputer 30. The timing 
infonnation register 150 feeds tiie delay information to 
a selector 1 4 in the form of ad^y device selection isignal 
and also feeds the dock width information to the memory 
confrol circuit 100. 

The memory control drcuit 100 incorporates tiiere- 
into a clock widtti confrol unit 100a to adopt a dock signal 
according to the ck)ck width information fed from the tim- 
ing information register 150. The clock widtti confrol unit 
1 00a may, for example, be of the type in which tiie divid- 
ing ratio of ah osdilated signal of an osdilator is varied 
in accordance with the clock width information so as to 
generate a desired clock signal, or, alternatively, in which 
a clock signal for use in a higher-speed memory nrxxiule 
is a basic clock signal, which is in turn divided in fre- 
quency to produce a clock signal for use in a lower-speed 
memory nxxJule. when adopted. 

According to ttie third embodiment of the semicon- 
ductor disk device, the clock signal and its phase-shift 



quantity as well are selected in accordance with tiie 
memory module to be destined. 

The an^angement of ttie tiiird embodiment is similar 
tothatof thefirst embodiment, except for tiie above-men- 
5 tioned features. Thus ttie redundant explanation will be 
omitted. Also in an application using a plurality of mem- 
ory modules, it is similar to that of the first embodiment, 
except for the above-mentioned features. Thus ttie 
redundant description will also be omitted. 
10 To effect a writing operation on the semiconductor 
disk device 1 0 mentioned above, there is a need to sup- 
ply from a host computer, not iliusfrated. to the semicon- 
ductor disk device 10 a command including information 
such as a header No., a cylinder No., the top sector No.. 
15 tiie number of writing sectors and the like, and an addi- 
tional command for instructing a writing operation. After 
issuance of tiiese commands, data are fransfenred after 
the lapse of a predetermined time corresponding to the 
seek time, the rotation period and the like. 
20 Upon receipt of tiie commands through the liost 
interface 4, the microcomputer 30 decodes and converts 
the commands into confrol infonmatidn accessible to a 
memory module 21, the control informatfon induding an 
indication designating a menrxMry module 2i and an 
25 address designating a sector in tiiat memory module 2i, 
into which data is to be written. The control information 
thusconverted includes the timing infonnation 30a, con- 
sisting of the delay information and tiie dock widtti infor- 
mation, as to the memory module 2i. On the other hand, 
30 transmitted data is fed tiirough tiie host interface 4 to tiie 
buffer memory 5. 

The microcomputer 30 first feeds ttie timing infor- 
mation 30a and tiie associated writing signal to tiie tim- 
ing information register 1 50 within ttie memory controller 
35 60 to hokJ the same therein so as to define the selection 
state, or the phase of dock signal, of the selector 14. 
define a cAock signal to be outputted from the memory 
control drcuit 100 (to select ttie widtti or duration of ttie 
dock signal), and set up a fransfer path to a desired 
40 memory module 2i. As a result there is adopted a clock 
signal suitable for ttie desired memory module 21. There- 
after, ttie microcomputer 30 feeds control information to 
tiie memory control drcuit IOC within tiie memory con- 
froller 60 to start the transfer of data. The operation dur- 
45 ing tiie fransfer is similar to tiiat of the first embodiment, 
so tiiat a redundant descrption will be omitted. 

The above-mentioned fransfer operation is per- 
formed in a similar fashion independentiy of the opera- 
tional speed of ttie memory module to be destined, but 
50 different in ttie dock widtti information and the delay 
information. 

FIG. 9 is a time chart showing an example of timing 
for writing data from ttie memory controller 60 into ttie 
memory mocfole in the semiconductor disk device 
55 according to the third enfoodiment. With respect to ttie 
memory module 2n nearest to ttie memory confroller 60 
in ttie memory module group 2 (refer to parts (a) and (b) 
of FIG. 9). while a dock signal having a dock widtti or 
period according to the higher operational speed is 



Q 



17 



EP0709786A1 



18 



applied thereto, the phase of the transfer data synchro- 
nized whh the clock signal is regulated in corrpliance 
with the associated memory module. Consequently* it is 
possible to receive the transferred data in a suitable tim- 
ing, thereby providing sufficient set-up time and hold 5 
tinfte. Qn the other hand, with respect to the memory 
module 21 farthest from the memory controller 6C in the 
memory module group 2 (refer to parts (c) and (d) of FIG. 
9), a clock signal having a clock wkith or period according 
to the lower operational speed is applied thereto. Thus, 
in this respect, it is possible to receive the transferred 
data in a suitable timing, thereby providing sufficient set- 
up time and hold time. Further, the phase of the transfer 
data synchronized with the clock signal is regulated in 
compliance with the associated memory module. Con- is 
sequently. also in this respect, it is possible to receive 
the transfenred data in a suitable timing, thereby provid- 
ing sufftoient set-uptime and hoM time. 

As desaibed above, according to the third embodi- 
ment, there are stored beforehand in the microconputer 20 
3C writing dock width information to the respective menrh 
ory nxxJules and delay information of memory data sig- 
nal to the writing dock. VVhen the data is written. 
Information 3Ca induding those kinds of infornrwtion is 
written from the mlaocomputer 3C into the register 1 5C 25 
so as to seliBCt the ckxik width, or the kind off dock signal, 
and the quantity of phase shift of the clock signal. Thus, 
even if the semiconductor disk device 1 C includes mem- 
ory nrKxIules which are different in operationai speed per- 
formance, it is possible to provkJe an adequate clock 30 
width, set-up time and hold time even during writing data 
into any memory module 2i. 

The third embodiment thus enables memory mod- 
ules which are different in operational speed perfornv 
ance to be incorporated in the same semicoriductor disk 35 
device 1C, and data which is to be written more fre- 
quently to be stored in a higher-speed memory. Thus, 
more efficient data writing and also higher speed oper- 
ation are accomplished in the overall system. 

The semiconductor disk device may be arranged in 40 
such a manner that the memory modules in each mem- 
ory nxxJule group are provided with the same operational 
speed as each other, but the memory modules are varied 
in operational speed behAreen the different memory mod- 
ule groups. This constitutes a modification of the third 45 
embodiment of the present inverrtion. However, provid- 
ing higher-speed memory modules in a place farther 
from the menrK>ry controller 6C will involve missing the 
higher speed performance of the memory modules. 
Hence, it is preferable, as in the third embodiment, to so 
mount the higher-speed memory modules at a place 
nearer the memory controller 6C. 

Further, the semiconductor disk device may be 
arranged in such a manner that the delay devices 1 1-13 
and the seledor 1 4 are omitted, and only the clock width 55 
is varied in accordance with a desired memory module. 
This constitutes another modification of the third embod- 
iment off the present invention. 



(D) Fourth embodiment 

The ffourth embodiment in which the present inven- 
tion is applied to a semiconductor disk device, will be 
described in conjunction with the remaining figures of the 
accompanying drawings. An aspect of the semiconduc- 
tor disk device according to the fourth embodiment 
resides, similar to that of the second embodiment, in 
reading out data from the memory modules. The semi- 
conductor disk devk:e accorcfing to the fourth en^xxii- 
ment is similar in many parts to that according to the 
second embodiment Hence, points different from the 
second embodiment will be mainly desaibed hereinafter 
and redundant description will be omitted. 

FIG. 10 is a schematic block diagram of a semicon- 
ductor disk device ID according to the fourth embodi- 
ment off the present invention. In FIG. 10, the like 
elements are denoted by the same reference numerals 
or marks as those of FIG. 6. 

To effect a readout operation on the semiconductor 
disk device 1 D menttoned above, there is a need to sup- 
ply from a host conputer. not shown, to the semiconduc- 
tor disk device 1 D a command including information such 
as a header No., a cylinder No., the top sector No., the 
nunrtf>er of writing sectors and the like, and an additional 
command for instructing a readout operation. 

Upon receipt of the commands through the host 
interface 4, the microcornputer 3D decodes and converts 
the commands into control information accessible to a 
memory module 2iD, the control information induding an 
indk^ation designating a menrory rpodule 2iD and an 
address designating a sector in that memory module 2iD, 
from which data is to t>e read out. The control information 
thus converted includes timing information 3Da consist- 
ing of delay infformation and clock wkith information as 
to the memory nrKXiule 2iD. 

The microcorrputer 3D first feeds timing information 
3Da and the associated writing signal to the timing infor- 
mation register 36D within the memory controller 6D to 
hdd the same therein so as to define the selectfon state 
(phase of the clock signal) of the selector 35, define a 
dock signal to be outputted from the memory control cir- 
cuit 10D (to select the dock wkJth) with the use off dock 
width control unit 30Da. and set up a path of the clock 
signal to a desired menrK>ry module 2iD. As a result, there 
is adopted a clock signal suitable for the desired memory 
module 2i. Thereafter, the microcomputer 3D feeds con- 
trd information to the memory control circuit 30D within 
the memory contrdier 6D to start the transfer. 

Upon receipt of the control information, the memory 
control drcuit 30D outputs serial data tor contrd. which 
consists of an address, a contrd signal for instructing 
readout and the like, in synchronism with the clock signal 
associated with the memory module 2iD which is not 
subjeded to a phase control. This operation can be 
implemented with, for example, the functions of the third 
embodiment 

The memory control drcuit 30D sends out, even 
after having sent out the controlling serial data, subse- 
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quently the clock signal associated with the memory 
module 2tD. which is not subjected to a phase control, 
over the clock signal line LCLK to the memory module 
group 2D. A desired memory module 2iD recognizes on 
the basis of the controlling serial data that the memory 5 
module 2iD itself ought to perform a readout operation, 
and takes a standby state. Thereafter, the menrK)ry mod- 
ule 2iD sends out data to the data line LOAT in synchro- 
nism with the incoming clock signal. 

The data read out from the desired memory module 10 
2iD onto the data line LDAT are received by the receiving 
drcuit 31 in response to the phase-controlled dock sig- 
nal outputted from the selector 35. and thereafter con- 
verted by the memory control circuit 30 into parallel data, 
in the memory controller 6D. The data thus detained are is 
stored in the buffer memory 5 through the host interface 
4. The readout data stored in the buffer memory 5 are 
sent out through the host interface 4 to the host connpu- 
ter. 

Also when data are reaj out of another memory 20 
module 2nD within the memory module group 2D. the 
similar processing is effected. In this case, the timing 
infbrmation 3Da consisting of tiie delay information and 
the dock width information is adopted in compliance with 
the memory module 2nD. 25 

. FIG. 1 1 is a time chart showing an example of a tim- 
ing for writing data from the memory controller 6D into 
the memory nrKxiule in the semiconductor disk device 
according to tiie fourtti embodiment. 

With respect to the memory nxxJule 2nD nearest to 30 
the memory controller 6D in the memory module group 
2D, while a clock signal having a dock widtfi. or period, 
according to the higher operational speed is applied 
thereto, tiie phase of tiie dock signal for receiving the 
transferred data from the memory module 2nd is regu- 35 
lated. Consequentiy, even if a deviation in timing to take 
data into tiie receiving circuit 31 were Induced owing to 
the various kinds of causes as described in connection 
with the bad(ground art. such a deviation will be sup- 
pressed through the atx>ve-mentioned phase regulation, 40 
as seen from parts (a) and (b) of FIG. 1 1 . Thus, it is pos- 
sible for the memory controller 6P or tiie receiving drcuit 
31 to receive tfie transfen-ed data in a suitable timing, 
thereby providing sufficient set-up time and hoW time. 

On tiie ottier hand, with respect to the menfx>ry mod- 4s 
ule 21 D fartiiest from ttie memory controller 6D in ttie 
memory module group 2, a dock signal having a clock 
widtii or period according to tiie fower operational speed 
is applied ttiereto. Thus, in this respect, the memory con- 
troller 6D or receiving drcuit 31 can receive the trans- so 
ferred data in a suitable timing, tiiereby providing 
suffident set-up time and hold time. Further, a phase of 
the dock signal to receive the transfer data from the 
memory module 2 1 D is regulated. Ck)nsequentiy, even if 
a deviation in timing to take data into the receiving drcuit 55 
31 werer induced due to the various kinds of causes as 
desaibed in connection with the background art, such a 
deviation will be suppressed through the above-men- 
tioned phase regulation, as seen from parts (c) and (d) 



of FIG. 1 1 . Thus, also in tiiis respect, it is possible for tiie 
memory controller 6D or tiie receiving drcuit 31 to 
receive the transferred data in a suitable timing, tiiereby 
providirig suffident set-up time and hold time. 

As mentioned alx)ve. according to the fourth ernbod- 
iment. there are stored beforehand in the microcomputer 
3D readout cfock width information to the respective 
memory modules and delay information of receiving 
dock signal to the readout clock, and when the data is 
read out. information 3Da including ttiose kinds of infor- 
mation is written from the microcomputer 3D into the reg- 
ister 36D so as to select tiie dock widtii, or the kind of 
dock signal, and the quantity of phase shift of tiie clock 
signal. Thus, even if the semiconductor disk devk;e ID 
includes memory modules which are different in opera- 
tional speed performance, it is possible to provide an 
adequate clock width, set-up time and hold time even 
during tiie read out of any memory module 2iD. 

In this manner, according to ttie fourth enti:xxJiment, 
tiie same semiconductor disk device ID may include 
memory modules which are different in operational 
speed performance, and data to be read out more fre- 
quently may be stored in a higher speed memory. Thus, 
more efficient data writing and also higher speed oper- 
ation are accomplished in the overall system. 

Onthefourtii emtxxfimentalso, it is possible to raise 
modifications similar to those of the tiiird embodiment 

(E) Otiier embodiments 

While tiie above-mentioned embodiments are to use 
the memory modules intending thef lash type of memory, 
other kinds of rhemory are applicatrfe. It is noted tiiat, for 
example, in an application in which data writing is accom- 
plished by means of an address line and a data linewhich 
are separately provided, there will be needed addition- 
ally means for shifting tiie phase of address data. 

Further, according to the above-described embodi- 
ments, information for timing control, such as delay infor- 
mation and timing information, is stored beforehand in 
the microcomputer. However, the system may be 
designed so as to store such information in the memory 
controller from tiie beginning. 

It is noted that tiie present invention is not restricted 
in application to the semiconductor disk device, but 
widely applicable to tiie semiconductor memory having 
a portion in which a plurality of memory modules are con- 
nected to a common signal line. For example, the present 
invention is also applicable to an apparatus in which 
memory module groups are directiy accessed by tiie 
microcomputer, a CPU or the like. 

While the present invention has been described with 
reference to the particular illustrative embodiments, it is 
not to be restilcted by ttiose embodiments. It is to be 
appredated tfiat those skilled in tiie art can change or 
modify the emtxxiiments without departing from the 
scope and spirit of tiie present invention. 
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Claims 

1. A semiconductor memory wherein a plurality of 
semiconductor memory modules are connected 
through a common clock signal line and at least one s 
other common signal line to an access means for 
accessing said plurality of semiconductor memory 
nKXiules, 

CHARACTERIZED IN THAT 

said access n^eans comprises: io 

a timing information storage unit (3A. 3B, 
FIGS. 1, 6, respectively) for storing beforehand 
access timing information associated with said 
respective semiconductor memory modules; and 

a timing varying unit (6A, 6B) for varying a is 
data receiving timing at a transfer destination in 
compliance with one of said semiconductor memory 
module to be accessed, on the basis of the access 
timing information stored in said timing information 
storage unit^ 20 

2. A semiconductor memory wherein a plurality of 
semiconductor memory modules are connected 
through a common clock signal line and at least one 
other commone signal line to an access means for 25 
accessing said plurality of semiconductor memory 
modules, 

CHARACTERIZED IN THAT 

said semiconductor memory nnodules aredif- 
ferent in operational speed, and sakJ access means 30 
comprises: 

a timing informatiori storage unit (3C, FIG. 8) 
for storing beforehand access timing information 
associated witi) said respective semiconductor 
memory modules; and 35 

a clock wkith varying unit {6C. FIG. 8) for var- 
ying a clock width of a clock signal to be applied to 
one of said semiconductor memory module to t>e 
accessed, on the basis of the access timing infor- 
mation stored in said timing information storage unit 40 

3. A semiconductor memory wherein a plurality of 
semiconductor memory nxxJules are connected 
through a conmon clock signal line and at least one 
other common signal line to an access means for 4s 
accessing said plurality of semiconductor memory 
modules. 

CHARACTERIZED IN THAT 

said semiconductor memory modules are dif- 
ferent in operational speed, and said access means so 
comprises: 

a timing information storage unit (3D. FIG. 1 0) 
for storing beforehand access timing information 
associated witii said respective semkx)nductor 
menfK>ry modules; 55 

a timing varying unit (6D, FIG. 10) for varying 
a data receiving timing at a transfer destination in 
compliance with one of said semiconductor memory 
module to be accessed, on the basis of the access 



timing information stored in said tinfiing information 
storage unit; and 

a clock widtti varying unit (30Da. FIG. 1 0) for 
varying a cbck width of a clock signal to be applied 
to said one semiconductor memory module to be 
accessed, on flie basis of the access timing irifbr- 
niation stored In said tirrarig infomiiation storage unit. 

4. A semiconductor menrx>ry according to claim 1 or 3, 
CHARACTERIZED IN THAT said timing varying unit 
(6A. 6B. 6D) phase-shifts data and control signal fed 
to sakf one semiconductor memory module to be 
accessed, on the basis of the access timing infor- 
niation stored in said timing information storage unit. 

5. A semiconductor memory according to claim 1 or 3, 
CHARACTERIZED IN THAT said timing varying unit 
(6A. 68. 6D) phase-shifts a dock signal for receiving 
read out data witii respect to a reading clock signal 
fed to sakJ one semiconductor memory niodule to 
be accessed, on the basis of the access timirrg infor- 
mation stored in said tin^ng information storage unit. 
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